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::t1 Pl The high level of interest and activity since the discovery of C6Q [1] in the area of fullerene-based solids has yielded "answers" and "new puzzles" related to the properties of these fascinating materials. Here we attempt to focus more on what appears to be a body of knowledge representing the "answers" to reasonable welldefined questions about the fullerenes with the goal of giving at least a temporary but reasonably complete description of a subclass of these solids. Of course, the experimental measurements are still open to interpretation, and here only one view is presented. The goal is to present a "standard model" which is supported by a number of experimentalists and theorists and to use this model as a basis for interpretation.
Eventually, perhaps the "new puzzles" will shatter the standard model, but it is also reasonable to expect that these puzzles may be explainable with only modifications of the model.
Since the C6()-based solids are the most studied. the focus here will be on the electronic and superconducting properties of these materials. Perhaps future studies of solids based on C70 or other molecules in this family C20+2h with 12 five-fold and h six-fold rings will be of equal interest or yield even more valuable information.
This paper begins with a description of the standard model for electronic structure and superconductivity. Some discussion of the evidence for this interpretation is presented followed by a few examples of alternative views and conflicting experiments.
The Standard Model
It is natural to begin a study of a new material or class of materials with tools that have been tested with success for so-called conventional materials. The covalent nature of the C6() molecular bonds and their similarity to graphite suggest that models used for explaining graphite and intercalated graphite may be sufficiently robust to explain properties of fullerenes. The interlayer bonding" in graphite has van der Waal's character which is also present in fcc C6() between molecules. Using the one-electron model as a basis for energy band structure calculations [2] has yielded consistent pictures of the electronic structure for fcc C60 and M3C60.
The bonding characteristics, the relation of the energy levels in the solid to those of the molecule, and the doping from the M atoms are all consistent and reasonable when the interpretation of the experimental data is made within this one-electron "standard model."
The measured phonon spectrum and related experimental data also appear to Since the Fermi level EF lies in a region of the density of states which is rapidly varying, it is expected that relatively small changes in the lattice constant The Fermi surface is relatively less sensitive to the placement of EFt and it is generally pictured as having multiple electron-like and hole-like bands.
In the standard model, the temperature dependent resistivity should provide a measure of the electron-phonon scattering and, hence, the electron-phonon coupling constant At where the subscript t indicates the fact that At is derived from transpon data. For isotropic more or less ideal systems [6] , At can be taken equal to the superconducting electron-phonon coupling parameters A.. Hence, for an assumed Coulomb repulsion J.1 or its frequency renormalized value J.1* apd a knowledge of the phonon spectrum, one can estimate the superconducting transition temperature T c.
For example, if we introduce the standard electron-phonon spectral function a 2 F(co) (1) where co and COm are the phonon frequencies and the maximum phonon frequencies respectively. The Ziman resistivity fonnula [7] for the temperature dependent resistivity is mt-1
is an inverse time, n is the electron density, and the subscript t again refers to transport properties. The co~nection between Eqs. (1) and (2) is usually made in the high temperature approximation where :.» 1. Ignoring the difference between A. and At, at high T the inverse relaxation time is 2x t"l =1fAkT . (3) This illustrates the linear dependence· on T of the resistivity at high T which is found in most solids. The slope of this curve yields a measure of A.. particularly interesting. Because of the high frequency phonons, the linear portion of the p(T) curve is only attained at very high T. Recent measurements [8, 9] on single crystals from the superconducting transition temperature T c up to 260 K are given in Fig. 1 . A fit of Eq. (2) to these data reveals the importance of various phonon modes in the scattering. This analysis has implications for evaluating theoretical proposals of phonon-induced electron pairing by assuming that the electron-phonon processes contributing to At are similar or identical to those contributing to A.. The difference between A2 t F(ro) and a 2 F(ro) arises mainly through the wavevector dependence of the electron-phonon coupling. For K3C6Q, this effect is probably not large [6] .
To obtain a rough idea of the magnitudes of the relevant parameters, one can use an Einstein phonon spectrum approximation to Eq. (2) with an average coupling 4: and a phonon frequency C1lE; hence (4) Fitting this oversimplified model to the data yields 4: = 0.6 and OlE = 400 K. Two conclusions from this model are that A ~ 1 and that phonon frequencies above and below 400 K are needed to explain p(T) and the superconducting T c. .' .
,..
In principle, the p(T) curves can be used to determine the role of the various phonon contributions to At and, hence, evaluate the appropriateness of the various theoretical models. The fits of the three models discussed above to the p(T) curve are given in Fig. 1 . If the curves are fixed at the value of p(T = 260 K), then we find that the SLNB and VZR models do not yield as good a fit as the JD model. The fit is gready improved by adding coupling to phonon modes below 200 K. In particular, when a mode at 150 K is added (Fig. 2) , all three models give results consistent with experimenL It has been argued that low frequency electron-phonon couplings should be expected and that they can arise from intennolecular translational modes, librations, and polarizations of the C6() molecules by alkali atom vibrations. The general conclusion of this study is that the superconducting Tc is consistent with electronphonon induced pairing via a broad range of intramolecular phonon frequencies. This analysis also yields a ratio of 2A/ks T c -3.6 -4.0 which is roughly consistent with infrared [14] and tunneling [15] measurements.
Another feature of the analysis of the normal state resistivity for T > Tc is the determination of the dimensionality of the system through a study of the properties of the superconducting fluctuations. In conventional 3D superconductivity, paraconductivity arising from fluctuations is not observed unless considerable disorder is intro-, duced to prove an effectively short coherence length. For K3C60 and Rh3Coo, the relatively shon coherence lengths make a study of the paraconductivity advantageous even though it is expected that these systems are 3D in character. In fact, experiments reveal that this is the case and there is no low-dimensional cross-over.
In the cases studied. the resistively determined Tc's are 19.8 K and 30.2 K for K3C60 and Rb3C60 respectively, and the excess conductivity given by [16] 
where t = (T -T c>rr c. allows a measurement [17] of the dimensionality d. For both cases, log-log plots of the data over almost two decades yield a slope. of -Ifl and.
hence, imply d = 3. No effects of granular superconductivity are seen down to t -5 x 10-4 suggesting a limit on the domain size of -0.6 J.L1I1.
It is interesting to note that these are first observations of this kind for 3D superconductivity. They are made possible by the short coherence length and the relatively high resistivity of these C6()-based solids.
Some Superconducting Properties
In addition to the measurements of T e , other measured properties of the superconducting state include the pressure dependence of the transition temperature iJTc/iJP, the isotope effect p~eters a = d fn TcldRn M, and the temperature dependence of the upper critical field He2(T).
A negative OTc/iJP --0.8/Kbar for both K34;o and Rh3C6() has been interpreted in terms of a decreasing N(Ep) with decreasing lattice constant. This is consistent with the observation of increasing T e with larger alkali atoms and, hence, larger lattice constants. This interpretation is based on the popular view that A, which represents an averaged product of N(E) and the pairing potential V involves contributions dominated by inttaball excitations for V and interball excitations for N(E) for E near Ep.
Hence, the decreasing lattice constant results in a smaller bandwidth and N(Ep) which, in tum, yields a lower Te. A striking linear relation has been found [18] ,-between the measured Te and the calculated N(Ep). This is not inconsistent with The normalized resistivity of K3C6() as a function of applied field [25] is given in Fig. 3 . The resulting He2(T) curve is presented in Fig. 4 . Since the single-crystal transitions near Teare relatively sharp, a good determination of He2(T) and the relevant parameters can be made using standard theory for type n superconductors.
Similar data are obtained for Rh3C60 [2S] . The resulting parameters extracted from the data are given in Table 2 . In Table 2 , ~(O) is the zero temperature coherence length, l;o is the clean limit coherence length, t is the zero temperature scattering time and I is the mean free path. A fairly consistent picture for these materials results and these data yield parameters which are consistent with the microscopic theories of the underlying pairing mechanism.
Some Challenges to the Standard Model
Some researchers feel that it is naive to consider the M3C60 system using the same model of a solid as one would use for common metals flIld semiconductors. In particular it is felt that electron-electron scattering effects and correlation should be dominant.
In fac~ at first glance, the experimental p(T) curve reminds one of the classic T2 behavior for p arising from electron-electron sca~ng. The raw data do fit a T2 curve fairly well, but when thermal expansion effects are included, the fit is less impressive. In addition, one expects a T2 behavior of this kind only at low T so that it is probably not prudent to associate the ''T2Iike'~ feature of . Recent photoemission and inverse photoemission spectra [26, 27] question the standard band models. One interpretation [26] suggests that alkali doping does not lead to a rigid filling of the lowest unoccupied molecular orbital band but causes charge transfer. Another model [27] suggests that doped G;o is a highly correlated system similar to the high Tc cuprates. 
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